In this article, we calculate the axial and the induced pseudoscalar formfactors G A (t = −Q 2 ) and G P (t = −Q 2 ) for the nucleons in the framework of the light-cone QCD sum-rules approach up to twist-6 three valence quark light-cone distribution amplitudes, and observe the form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) at intermediate and large momentum transfers with Q 2 > 2GeV 2 have significant contributions from the end-point terms. The numerical values for the G A (t = −Q 2 ) are compatible with the experimental data and theoretical calculations, for example, the chiral quark models and lattice QCD. The numerical results for the induced pseudoscalar form-factor G P (t = −Q 2 ) are compatible with the calculation from the Bethe-Salpeter equation.
Introduction
The axial and induced pseudoscalar form-factors of the nucleons are of fundamental importance in studying the weak interactions and the pion-nucleon scattering. They provide an important test for theories which attempt to describe the understructures of the nucleons and the underlying dynamics [1, 2] . Using Lorentz covariance and chiral symmetry, the matrix element of the axial-vector current between the initial and final nucleon states excluding the second class current [3] , can be parameterized as ,
here the τ a is Pauli matrix, the M is the averaged mass for the proton and neutron, t = (P ′ − P ) 2 , the G A (t) and G P (t) are the axial and induced pseudoscalar formfactor respectively. The Goldberger-Treiman relation [4] relates the form factors G A (t) and G P (t), and the pion decay constant f π ,
In this article, we calculate the axial form-factor G A (t) and induced pseudoscalar form-factor G P (t) for the nucleons in the framework of the light-cone sum rules (LCSR) approach [5, 8] which combine the standard techniques of the QCD sum rules with the conventional parton distribution amplitudes describing the hard exclusive process [6] . In the LCSR approach, the short-distance operator product expansion with the vacuum condensates of increasing dimensions is replaced by the light-cone expansion with the distribution amplitudes ( which correspond to the sum of an infinite series of operators with the same twist) of increasing twists to parameterize the non-perturbative QCD vacuum, while the contributions from the hard re-scattering can be correctly incorporated as the O(α s ) corrections [7] . In recent years, there have been a lot of applications of the LCSR to the mesons, for example, the form-factors, strong coupling constants and hadronic matrix elements [8] , the applications to the baryons are cumbersome and only the electromagnetic form factors [9] , the scalar form-factor [10] and the weak decay Λ b → pℓν ℓ [11] are studied, the higher twists distribution amplitudes for the baryons were not available until recently [13] . The article is arranged as follows: we derive the light-cone sum rules for the axial and induced pseudoscalar form-factors G A (t) and G P (t) for the nucleons in section II; in section III, numerical results and discussion; section VI is reserved for conclusion.
2 Light-cone sum rules for the form-factors G A (t) and G P (t)
In the following, we write down the two-point correlation function Π µ (P, q) in the framework of the LCSR approach,
with the axial-vector current
and the neutron current [12] 
here z is a light-cone vector, z 2 = 0, and the f N is the coupling constant for the leading twist distribution amplitude [14] . At the large Euclidean momenta P ′ 2 = (P − q) 2 and q 2 = −Q 2 , the correlation function Π µ (P, q) can be calculated in perturbation theory. In calculation, we need the following light-cone expanded quark propagator [15] ,
where
is the gluon field strength tensor and d is the spacetime dimension. The contributions proportional to the G µν can give rise to fourparticle (and five-particle) nucleon distribution amplitudes with a gluon or quarkantiquark pair in addition to the three valence quarks, their corrections are usually not expected to play any significant roles [16] and neglected here [9, 11] . In the parton model, at large momentum transfers, the electromagnetic and weak currents interact with the almost free partons in the nucleons. Employ the "free" light-cone quark propagator in the correlation function Π µ (P, q), we obtain
In the light-cone limit x 2 → 0, the remaining three-quark operator sandwiched between the proton state and the vacuum can be written in terms of the nucleon distribution amplitudes [14, 12, 13] . The three valence quark components of the nucleon distribution amplitudes are defined by the matrix element,
The calligraphic distribution amplitudes do not have definite twist and can be related to the ones with definite twist as
for the scalar and pseudo-scalar distribution amplitudes,
for the vector distribution amplitudes,
for the axial vector distribution amplitudes, and
for the tensor distribution amplitudes. The light-cone distribution amplitudes
with
Those distribution amplitudes are scale dependent and can be expanded with the conformal operators, we write down the explicit expressions for the V i , A i , T i , S i , P i to the next-to-leading conformal spin accuracy in the appendix [13, 11] . The V 1 , A 1 and T 1 are leading twist-3 distribution amplitudes; the
and T 7 are twist-4 distribution amplitudes ; the S 2 , P 2 , V 4 , V 5 , A 4 , A 5 , T 4 , T 5 and T 8 are twist-5 distribution amplitudes; while the twist-6 distribution amplitudes are the V 6 , A 6 and T 6 . Those parameters φ 
the explicit expressions are given in the appendix; for the details, one can consult Ref. [13] .
Taking into account the three valence quark light-cone distribution amplitudes up to twist-6 and performing the integration over the x in the coordinate space, finally we obtain the following results,
here the
According to the basic assumption of current-hadron duality in the QCD sum rules approach [6] , we insert a complete series of intermediate states satisfying the unitarity principle with the same quantum numbers as the current operator η(0) into the correlation function in Eq.(3) to obtain the hadronic representation. After isolating the pole terms of the lowest neutron state, we obtain the following result,
We choose the tensor structure zγ 5 (P · z) 2 and z qγ 5 (P · zq · z) to analysis the axial form-factor G A (t = −Q 2 ) and induced pseudoscalar form-factor G P (t = −Q 2 ) respectively.
The Borel transformation and the continuum states subtraction can be performed by using the following substitution rules,
Finally we obtain the sum rule for the axial form-factor G A (t = −Q 2 ) and induced pseudoscalar form-factor G P (t = −Q 2 ) ,
3 Numerical results
We choose the suitable range for the Borel parameter M 2 B , 1.5GeV
2 . In this range, the Borel parameter M 2 B is small enough to warrant the higher mass resonances and continuum states are sufficiently suppressed , furthermore, it is large enough to warrant the convergence of the light-cone expansion with increasing twists in the perturbative QCD calculation [17, 18] . The numerical results show that in this range, the form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) are almost independent on the Borel parameter M 
u , which we can see from the Fig.1 and Fig.2 , respectively. For simplicity, we choose the standard values for the threshold parameter s 0 , s 0 = 2.25GeV 2 to subtract the contributions from the higher resonances and continuum states. with the corresponding QCD sum rules. They are functions of 8 independent parameters,
u , the explicit expressions are presented in the appendix, for detailed and systematic studies about this subject, one can consult Ref. [13] . Here we neglect the scale dependence and take the values for the 8 independent parameters, f N = (5.3 ± 0.5) × 10
In estimating those coefficients with the QCD sum rules, only the first few moments are taken into account, the values are not very accurate. We perform the operator product expansion in the light-cone with large Q 2 and P ′2 , the form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) make sense at the regions, for example, Q 2 > 2GeV 2 , with low momentum transfers, the operator product expansion is questionable. The form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) at the intermediate and large space-like momentum regions, i.e. Q 2 > 2GeV 2 , are plotted in the Fig.3 and Fig.4 , respectively. For the axial form-factor G A (t = −Q 2 ), the central values lie a little above the results of the double-pole fitted formulation from the neutrino scattering experiments [2] ,
here g A = 1.2673 and M A = 1.026, we have neglected the uncertainties for simplicity; at the region Q 2 > 3.5GeV 2 , the double-pole fitted formulation lies between the up and down limits, our results can make both qualitative and quantitative predictions. Furthermore, our results are compatible with the calculation of lattice QCD [19] and chiral quark models [20] . For the induced pseudoscalar form-factor G P (t = −Q 2 ), our results are compatible with the calculation from the Bethe-Salpeter equation [21] . From those figures (Fig.3 and Fig.4) , we can see that the uncertainties are very large, the values of those form-factors vary in large ranges, especially for the induced pseudoscalar form-factor G P (t = −Q 2 ), we have to refine the parameters before make quantitative predictions. The consistent and complete LCSR analysis should include the contributions from the perturbative α s corrections, the distribution amplitudes with additional valence gluons and quark-antiquark pairs, and improve the parameters which enter in the LCSRs.
Conclusion
In this work, we calculate the axial and induced pseudoscalar form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) for the nucleons in the framework of the LCSR approach up to twist-6 three valence quark light-cone distribution amplitudes and observe the form-factors G A (t = −Q 2 ) and G P (t = −Q 2 ) at intermediate and large momentum transfers with Q 2 > 2GeV 2 have significant contributions from the end-point terms. The numerical values for the G A (t = −Q 2 ) are compatible with the experimental data and theoretical calculations, for example, chiral quark model and lattice QCD. The numerical results for the induced pseudoscalar form-factor G P (t = −Q 2 ) are compatible with the calculation from the Bethe-Salpeter equation. The consistent and complete LCSR analysis should include the contributions from the perturbative α s corrections, the distribution amplitudes with additional valence gluons and quarkantiquark pairs, and improve the parameters which enter in the LCSRs. 
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